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FOUNTAIN SOLUTION pH AND CONDUCTIVITY CHANGES CAUSED BY
PAPER EXTRACTABLES DURING OFFSET PRINTING
Douglas E. Cox, M.S.
Western Michigan University,

1992

Economical and environmental issues are causing
papermakers to change from the traditional acid papermaking process to neutral and alkaline papermaking
processes.

Also, offset printers are changing from

traditional acid type fountain solutions, with or without
alcohol,

to:

(a) neutral,

(b) alkaline, and (c) acid

with alcohol substitute type fountain solutions.

The

interaction between these new papermaking variables and
fountain solutions and their effect on printability needs
to be investigated.
The pH, conductivity, and contact angle changes of
five different offset printing fountain solutions were
monitored during offset printing press trials on acid,
neutral and alkaline basestocks.
The results indicate that not enough contaminants
were transferred into the fountain solutions from the
basepapers to cause any printing problems.
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INTRODUCTION
As more papermaking facilities are being converted
from acid to the alkaline and neutral papermaking pro
cesses, the fundamental question of how these papermaking
process changes will affect the offset printing process
needs to be addressed.

This study is designed to inves

tigate the effects that these papermaking processes have
on the effectiveness of various offset printing fountain
solutions during the sheetfed offset printing process.
The primary areas of focus are pH, conductivity, and con
tact angle changes of the fountain solution caused by
contaminates leaching out of the basestocks during the
offset printing process.
The hypothesis is that, on offset printing press
runs of 10,000 impressions or less, there is enough
buffer built into the fountain solution to handle any
chemicals transferred from the basestock into the foun
tain solution.

This extra buffer will allow the printing

press operator to switch from one type or pH of paper to
another without adversely affecting the press chemistry.
However, on printing press runs over 10,000 impressions,
there is the possibility that the fountain solution
buffer could be depleted or contaminated and the printing

1
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press operator could experience the printing problems
that are outlined in this paper.
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PROBLEM BACKGROUND
The role of the offset printing fountain solution
is:

(a) to keep the non-image area of the plate free of

ink,

(b) to maintain a wide latitude of water balance in

the ink train,

(c) to provide uniform and even fountain

solution feed,

(d) to provide good stability for pH and

conductivity control,
ink drying time,

(e) to have little or no effect on

(f) to provide foam control,

trol ink roll stripping,
the ink,

(g) to con

(h) to balance emulsification of

(i) to have the proper effect on ink rheology,

and (j) to control the ink/fountain solution surface ten
sion between 35 and 40 dynes/cm (1,2,3).
On sheetfed offset printing press runs, where the
press runs are 10,000 impressions or less, the amount of
material leaching from the basestock into the fountain
solution should be minimal.

However, on sheetfed offset

printing runs over 10,000 impressions, enough substances
could be leached to cause severe printing problems, such
as:

(a) scumming,

(b) tinting, and (c) plate blinding.

The offset fountain solutions that were used in this
study were:
hol,

(a) acid,

(b) acid with 20 % isopropyl alco

(c) acid with an alcohol substitute,

(d) alkaline,

and (e) neutral. While the United States Environmental

3
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Protection Agency and the Occupational Safety and Health
Administration are limiting the release of the amounts of
volatile organic compounds, isopropyl alcohol was in
cluded in this study because 66 % of the existing sheetfed
offset printing plants in the United States still use
some amount of isopropyl alcohol in their fountain solu
tions (4) .
The acid fountain solution normally consists of:
(a) a desensitizing gum (i.e., gum arabic or others),
a

(b)

desensitizing acid (i.e., phosphoric, phosphate,

citric or lactic acid), (c) a buffer such as magnesium
nitrate,

(d) alcohol substitutes (i.e., glycol ether

families), and (e) fungicides.

The pH range is normally

between 4.0 and 5.5.
The acid converts the desensitizing gum into its
free acid form containing carboxyl groups (-COOH).

The

carboxyl groups then aid in the adsorption of the desen
sitizing gum to the metal plate (2, 5).

Any excess free

acid in the fountain solution has the potential to become
emulsified into the ink.

The free acid then attacks the

driers in the ink varnish causing a slowing in ink drying
speed (6 ).
The buffer in the fountain solution aids in the
reduction of plate corrosion.

Without this additive,

plate life would be severely reduced.

Because the
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majority of commercial printing is done on metal plates,
this study will limit itself to this type of plate.
The alkaline fountain solution contains either
sodium carbonate, sodium silicate, or a sequestering
agent, which keeps the calcium and magnesium compounds
from precipitating and various surface active agents (2 ,
5).

The pH range is normally controlled between 8.0 and

. .

10 0

Neutral fountain solutions contain salts of weak
acids and bases such as phosphates, phthalates, tartrates
and citrates.

They can also contain wetting agents and

they normally function in the pH range from 5.5 to 7.5

(1 ).
Other components of fountain solutions are:

(a)

surface active agents (i.e., isopropyl alcohol, glycol
ethers),

(b) various ink drying stimulators (i.e., cobalt

chloride, magnesium compounds), (c) blanket lubricants
(i.e., ethylene glycol),

(d) defoamers (i.e., silicones),

(e) metal ion complexes (i.e., chelating agents), and (f)
scratch curing aids such as nitrate salts (1, 2, 5).
According to Bassemir and Fuerst (6 ), all fountain
solutions consist of very high polarity liquids.
During the offset printing process,

ink and fountain

solution come into direct contact with the permeable and
absorbent substrate.

The dwell time of these inter-
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actions can vary greatly, due to:
of the offset printing press,

(a) the type and age

(b) the type of dampening

system employed on the offset printing press,
ing impression squeeze,

(c) print

(d) type of blanket, and (e) the

production speed of the printing press.

If too much

fountain solution is available to the basesheet during
printing, there is a chance for materials to be leached
from the basesheet back into the fountain solution or
back into the ink train (1).

There is also a chance for

fibers to swell causing basesheet distortion problems,
especially if the substrate is exposed to several nips in
multicolor printing.
According to Casey (8 ), some of the many materials
that could be transferred from the paper substrate into
the fountain solution include:
calcium carbonate,
synthetic polymers,
alum,

(c) clay,

(d) talc,

(e) dyes,

(b)

(f)

(g) rosin and synthetic sizes,

(i) surfactants,

fibers (fines).

(a) titanium dioxide,

(h)

(j) natural polymers, and (k)

These materials have the potential to be

transferred through the ink and fountain solution trains.
Once in these systems, they may alter the entire printing
process by fouling the ink or fountain solution with
fiber and other debris or by altering the pH, conduc
tivity or surface tension.
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Control of pH has been the traditional method used
to monitor any changes in the offset fountain solution
during printing.

Early offset printers knew that moni

toring pH in other areas of the printing process gave
them information that predicted how that specific process
would perform.

As the offset printing press operators

worked more and more on the offset printing press, they
discovered that a change in fountain solution pH causes
printing problems, i.e., scumming, tinting, ink emulsification, etc.
The first devices used to monitor pH on the offset
printing press were indicator papers and indicator sticks
treated with chemicals that changed color to match a
specific pH range.

The pH meter was later adopted by

some offset printing operators, but many still prefer
using indicator papers or sticks.

As indicator papers

and sticks age, they lose some of their sensitivity and
can give false readings.

Also, when mixing some fountain

solutions, a threshold of pH change is reached.

By

putting in more of the fountain solution concentrate or
etch, the makeup of the system may change, but not the pH
value.

Therefore, in order to monitor subtle changes, a

test was needed that was much more sensitive to changes
in the fountain solution than the pH test could provide.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

In the late 1970s, work began on the use of conduc
tance measurements to monitor the fountain solution.
Conductivity is a measurement of total dissolved salts
(ions) in the fountain solution and is expressed as
micromhos per centimeter (1, 9) .
As can be seen in Figure 1, a change in pH from 5.5
to 4.0 (the normal operating range of a "typical" acid
fountain solution) represented a change in conductivity
from about 150 to 900 micromhos (1).

This was accom

plished with the addition of one and a half ounce of
fountain concentrate to a gallon of water.
To drive the pH from 4.0 to 3.5, approximately four
and one half additional ounces of fountain concentrate
needs to be added to the original mixture.

This causes a

conductivity change from 900 micromhos to 3500 micromhos

(1 ).
The addition of fountain concentrate initially
causes a rapid pH change with conductivity responding in
a linear fashion throughout the fountain concentrate
addition range.
By monitoring both pH and conductivity, the offset
printing press operator is in a better position to
predict and control potential printing problems.
operator now has additional information that

The

can be used

in the troubleshooting process.
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Most offset printing fountain solutions will
normally run at 800 to 1500 micromhos above the water
conductance level.

Usually, the total range would be

below 3000 micromhos (9).

The correct procedure to

change from pH monitoring to pH and conductivity moni
toring of the fountain solution is to mix the fountain
solution under normal conditions and then check both the
conductance and pH readings.

This would become the

"bench mark" for future fountain solution mixtures.

When

isopropyl alcohol is used in the fountain solution, the
offset printing press operator must be aware that the
conductance level will be lower than that of the fountain
solution without alcohol in it.

Also, varying percent

ages of alcohol in the fountain solution will have
different effects on the conductivity.
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INK, FOUNTAIN SOLUTION, BASESTOCK INTERACTION THEORY
The background material presented to this point
indicates that the reaction of fountain solution and
substrate is an important function in offset printing.
Models will now be reviewed to help us understand how
this interaction takes place.
MacPhee (3) looked at the interaction of ink/
fountain solution to various surfaces in the offset
printing process.

He stated that the reaction could best

be described by the use of Young's Equation.

This

equation correlates the ink/fountain solution surface
tensions as follows:
Xsf = Xsi + Xfi COS0
where X = interfacial surface tension; 0 = contact angle;
s = solid; i = ink; and f = fountain solution.

From this

equation, he could define where the ink would or would
not wet and adhere to a surface.
If Xsf, from the work of MacPhee is applied to the
work done by Lyne and Aspler (10), we get an equation
pertaining to the movement of the fountain solution into
the substrate.
Lyne and Aspler (10) state that the Lucas-Washburn
equation for capillary penetration best defines the
penetration of a liquid into a paper substrate:
11
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L = (XrCOSG) 1/2 t 1/2
2n
where

r = effective pore radius; L = depth of liquid

penetration; X = surface tension of ink/fountain solu
tion; n = ink viscosity; 0 = contact angle of liquid in
contact with the cell wall.

This study was used to

measure both dynamic and equilibrium conditions of the
liquid.

The dynamic situation is the contact angle

measured in less than 1 millisecond.

The results

indicate that dynamic surface energies of the fountain
solutions were higher than equilibrium readings.

The

contact angles were very close to the readings taken for
water.

An exception was found for fountain solution

containing isopropyl alcohol.

In this case, the contact

angles did not change much from their original contact
angle measurements.
Karttunen and Mannien (11) stated that the ink/
fountain solution transfer parameters depend on the ink
and fountain solution surface chemistry and on the
surface properties of the image and non-image areas of
the offset printing plate.

They stated that the amount

of fountain solution transferred to the paper from the
image area is:

*1 = k H

i4
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and from the non-image area is:
iNl =

k ll
1
(i-a)N A

where i^ = amount of water transferred from the image
area to the paper;

= splitting coefficients; n =

printing speed; a = relative printing area; A = surface
area of the plate; 1 , I 3 , 1 4 = total amount of water in
the printing or non-printing areas of the plate, blanket
or roller; i^i = amount of water transferred from the
non-image areas to the paper.

Their work indicated that

molecular weight, surface tension and polarity showed
only weak correlations to water transfer to the paper.
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OFFSET PRINTING PRESS OPERATION
Figure 2 shows a schematic diagram of the essential
parts of a typical offset printing press.

The configura

tion is identical to the type of offset printing press
used in this thesis.

In order to visually understand the

areas of ink/water/substrate interaction, it will be
useful to review this figure as the printing process is
defined in the Experimental Procedure portion of this
paper.
l=Ink Form Rollers
2=Fountain Solution Tray
3=Plate Cylinder
4=Blanket Cylinder
5=Impression Cylinder
7

6=Paper Feed Area

7=Paper Delivery Area
Figure 2.

Offset Printing Press Diagram.

The offset printing press operational procedure is
listed in Appendix A. This procedure illustrates the fact
that the fountain solution and ink have a tremendous
potential to transfer materials through both the inking
and fountain solution systems.
There are many variables that come into play when
printing.

Some of these variables are:

(a) the pressure

14
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created between the ink and water form rollers and the
offset printing plate,

(b) the pressure created between

the plate and blanket cylinders,

(c) the pressure created

between the blanket cylinder and the impression cylinder,
(d) the thickness of the ink film,
the fountain solution film,
the basesheet,

(e) the thickness of

(f) the water resistance of

(g) printing press speed,

(h) the number

of times the basesheet is subjected to the printing prot

cess,

(i) dry trapping of ink versus wet trapping of ink,

(j) the amount of image being printed on the form,

(k)

the temperatures of the ink and the fountain solution,
and (1) the type of dampening system (13).
If substances such as filler, size, etc., are trans
ferred from the basestock to the fountain solution, a
printing press operator could expect to see some of the
following problems:

(a) dot gain,

(b) ink piling,

(c)

poor plate desensitizing,

(d) changes in the ink drying

time,

(f) shortened plate life, and

(e) plate scumming,

(g) poor image transfer (1, 2, 6 , 8 , 10, 11, 14).
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EXPERIMENTAL PROCEDURE
A paper machine trial was conducted on the Western
Michigan University, Kalamazoo, Michigan, pilot paper
machine.

The trial produced paper made under acid,

alkaline, and neutral pH conditions.

The furnish, paper

machine speeds, size press treatment, drying tempera
tures, additives (fillers), etc. were held constant.

The

only changes were in the types of sizing agents used and
the control of the wet end pH with concentrated sulfuric
acid (see Table 1).

The size level (Hercules Size or

HST) off the papermachine was targeted for 50 seconds at
80% reflectance.
Table 2 shows the results of various tests performed
on the paper produced from this trial. All testing was
done in accordance to the specific TAPPI Standard for
that test. As can be seen, all papers had similar physi
cal characteristics.
The trial paper was then sheeted to 10" x 12-1/2"
and printed at Western Michigan University's Printing
Management and Research Center, Kalamazoo, Michigan.
Individual sets of alkaline, neutral and acid pH
paper were printed using identical 3M (St. Paul,
Minnesota) printing plates, Van Son (Mineola, New York)
22011 Black Rubber Base ink, Rycoline (Chicago, Illinois)
16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

17

Table 1
Papermaking Conditions
Paper
Alkaline

Conditions
pH:
Add:

8.0 (normal Pilot Plant pH)
0.2% alkyl ketene dimer (AKD)

0.5% Cationic Starch
0.025% Retention Aid
Neutral

pH:
Add:

7.0 (adjust with acid)
0.2% AKD

0.5% Cationic Starch
0.025% Retention Aid
Acid

pH:
Add:

4.4 (adjust with acid)
1.8% alum

0.5% Rosin Size
0.025% Retention Aid

Blue Chip Combination (Acid) Fountain Solution, Rycoline
Alkaline "Dex" Fountain Solution, Rycoline Neutral Seven
"Dex" Fountain Solution, and Rycoline Blue Chip Combina
tion Fountain Solution with 20% isopropyl alcohol and
Rycoline Blue Chip Combination Fountain Solution with 2
ounces per gallon of Rosos (Lake Bluff, Illinois) RV-1000
alcohol replacement. The alcohol replacement is a glycol

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

18
ether. The offset printing blanket was a Dayco (Dayton,
Ohio) Compressible Quick Release Blanket.
The pH was altered by adding sulfuric acid to the
stuff box and starch was 6 % total solids at the size
press.
was:

The furnish was bleached kraft.

The fiber makeup

(a) 60% hardwood refined to 500 CSF,

(b) 40% soft

wood refined to 500 CSF, and (c) 8 % clay was added at the
stock chest.
Table 2
Paper Test Results
Alkaline
Paper
Roughness (felt/wire)
(Sheffield units)
(TAPPI 538)

Acid
Paper

Neutral
Paper

298/306

298/312

Burst
(kilopascals)
(TAPPI 403)

200

207

214

Caliper
(millimeters)
(TAPPI 411)

0.162

0.159

0.150

Tensile Energy Absorption
(joules per square meter)
(TAPPI 494)

29/61

51/54

54/64

30.1

22.5

12/12

13/14

Size @ 80%
(seconds)
(TAPPI 530)
Wax Pick (felt/wire)
(stick number)
(TAPPI 459)

279/292

43.1

15/16
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Table 2— Continued

Acid
Paper

Alkaline
Paper
Tear (MD/CD)
10/12
(millinewtons square meters per gram)
(TAPPI 414)

10/12

Neutral
Paper
10/11

Basis Weight
(grams per square meter)
(TAPPI 410)

96.1

90.9

87.6

Ash
(% of total dry weight)
(TAPPI 413)

5.09

5.16

5.19

Tensile (MD/CD)
(kilonewtons per meter)
(TAPPI 494)

3. 3/2.3

Starch Pick-up
(kilograms per metric ton)
(TAPPI 419)
pH (cold extraction)
(pH units)
(TAPPI 509)

4.6/1.9

4.9/2.5

64.5

72.0

85.5

8.0

4.3

7.1

This project utilized a single color Multilith (Mt.
Prospect, Illinois)

1650 MC Offset Printing Press

equipped with a slip nip type dampening system.

The

inking and dampening system were adjusted according to
the manufacturer's specification.

The printing press

test procedure is as follows:
1.

Set the inking and dampening system per the

manufacturer's specifications.
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2.

Load 2500 sheets of 10” x 12 1/2” paper into

the feed end of the offset press.
3.

Put ink into the ink fountain.

4.

Put the desired fountain solution into the

5.

Place the test plate on the plate cylinder (see

press.

the back pocket for the printed test pattern).
6.

Turn on and run the printing press for three

minutes.
7.

Adjust the ink fountain keys to get an ink film

density reading of 1.0 +/-.1 at three locations on the
printed solid color bar.
8.

Pull printed sheets of paper at 500 sheet

intervals to monitor ink film density readings on the
solid printed bar with the X-rite 328 Densitometer.
9.

Monitor and record pH, conductivity and temper

ature readings of the fountain solution every 200 printed
sheets of paper.

This was accomplished by using a DSPH-1

pH/conductivity meter placed in a modified fountain
solution bottle.

The modified bottle consisted of an

open container with a tape line on it.

As fountain

solution was used during the printing process, additional
fountain solution was added to keep the total volume of
solution within the taped area.

See Appendix B for

details.
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10.

After printing the first 2500 sheets of paper,

the lift of paper was turned over and printed on the back
side.

After the second pass through the press, the lift

of paper was turned over to print the first side for a
second pass.

After the first side-second pass was

printed, the paper was turned over again so that the
second side could be printed for the second time.

By

monitoring pH and conductivity changes, an evaluation was
made as to whether a semi-wet base paper caused greater
pH or conductivity changes than a dry base paper.

(This

gave an idea as to whether wet trapping or printing wet
ink over wet ink/substrate contributes to any increase in
fountain solution contamination.)

Approximately one

million square inches of paper was evaluated in each
printing trial.
11.

The press was run at approximately 6500 impres

sions per hour for the entire 10,000 impressions. Total
press time was approximately one and a half hours.
12.

Laboratory work consisted of running contact

angles, on glass, for the following:

(a) acid fountain

solution mixture (Acid), (b) alkaline fountain solution
mixture (Aik), (c) neutral fountain solution mixture
(Neut), (d) acid fountain solution with isopropyl alcohol
mixture (Acid & A i k ) , and (e) acid fountain solution with
alcohol substitute mixture (Acid with Ale Sub).
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The before printing results and after printing
results were compared to see if any changes occurred.
13.

A review of the printed sheets was conducted to

look at dot gain and print quality.
The printing design developed for this project
consisted of (see the back pocket for printed examples):
(a)

slur bars,

(b) dot growth bars and patterns,

(c) tint

screens (20%, 40%, 60% and 80% tint values for a 120 line
screen), and (d) a solid bar.
The design was set up so that the offset printing
press operator would be able to:

(a) flip the sheets of

paper so that both sides could be printed twice with the
same pattern,
color bar,

(b) monitor ink film density on the solid

(c) monitor dot growth and print quality on

the screens and patterns, and (d) simulate wet on wet,
four color printing.
Printers would define wet trap as the ability of a
printed ink film to accept succeeding ink films.

The

definition applied in this work refers to wet trap as the
ability of an already printed substrate to accept ink and
fountain solutions.

The form design was necessitated

because of the limited amount of paper that could be
manufactured on the papermaking equipment, in an eight
hour time frame, at Western Michigan University,
Kalamazoo, Michigan.
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RESULTS AND DISCUSSION
Changes were noticed in conductivity, pH and contact
angle for almost all of the basestock and fountain solu
tion combinations. None of the changes caused any adverse
printing problems; highlight and shadow dot sizes were
not affected.
Figures 3 through 12 show the relationship of pH and
conductivity changes over the 10,000 impression printing
run.

Because the temperature did not increase more than

three degrees Fahrenheit during each run and because the
pH/conductivity meter automatically adjusted for the
temperature change, these data were not included in this
report. Tables 3 and 4 identify the percent of change in
pH and conductivity that was charted from the beginning
of the offset printing press run until the end of the
run.
The accuracy of the conductivity meter is plus/minus
20 micromhos and the pH meter is plus/minus .1 pH units.
Because of the meter limitations, conductivity changes of
less than three percent and pH changes of less than three
percent are considered insignificant because of the nar
row range that the meter functioned in. Therefore, some
of the changes in conductivity and pH are insignificant
because of the meter limitations. However, these data are
23
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important to the offset printing press operator in moni
toring the condition of the fountain solution.
Table 3
% Change in pH (Beginning vs. End Point)
Fountain Solution
Neut

Acid

Aik

Acid &
Ale

Acid &
Ale Sub

Neutral (Before
Printing/After)

0

1

2

12

3

Acid (Before
Printing/After)

1

1

2

3

0

Alkaline (Before
Printing/After)

1

0

2

0

0

Paper

Table 4
% Change in Conductivity (Beginning vs. End Point)
Fountain Solution
Paper

Acid &
Ale

Acid &
Ale Sub

Neut

Acid

Aik

Neutral (Before
Printing/After)

0

1

1

3

2

Acid (Before
Printing/After)

1

1

0

1

1

Alkaline (Before
Printing/After)

1

2

0

0

2
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Several articles cited theories that state that
conductivity changes could indicate offset printing
problems (1, 9).

Because the conductivity changes were

so small, less than 3% in our worst case, and the fact
that there were not any offset printing problems encoun
tered during each press run, changes of 3% or less in
conductivity were insignificant in predicting offset
printing problems.
Tables 3 and 4 also indicate that the neutral and
alkaline fountain solutions showed the least amount of
change in conductivity.

The neutral fountain solution

conductivity changed less than 1 % while the alkaline
fountain solution changed less than 2 % in total conduc
tivity. These changes are insignificant.
The acid fountain solution had fewer conductivity
changes than either acid with alcohol substitute or acid
with 20% isopropyl alcohol. While the acid fountain solu
tion had three different step changes on the alkaline
base paper and one change on the neutral and acid base
papers, the changes were still less than 2 % and these
changes were considered insignificant.
The neutral fountain solution showed no conductivity
changes associated with the flipping and back printing of
the base papers.
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The alkaline fountain solution had conductivity
reading changes on the neutral base paper which corre
sponded to wet trapping on the felt and wire surfaces;
changes were less than 1 % and considered insignificant.
The acid fountain solution, while having some fluc
tuations in meter readings in the first 2500 impressions,
did not show any change until wet trapping.

The alkaline

and neutral base papers reacted only with wet trapping of
the first printed side.

The acid base paper did not

appear to be affected.
The acid with alcohol substitute and the acid with
20 % alcohol fountain solutions also exhibited fluctua

tions in meter readings.

Test results indicate that

conductivity changes were recorded on all three base
papers during each printing cycle, with the exceptions of
the acid base paper printed with the acid and 20 % alcohol
fountain solution and the alkaline base paper printed
with the alcohol substitute.

During the back side print

ing of the acid base paper (1 st pass) and the wet trap
printing on the back side, no conductivity changes were
recorded.

This is also true for the back side printing

(1st pass) of the alkaline base paper.
The pH readings for the neutral fountain solution
were almost constant.

When this fountain solution was

used on the neutral, alkaline and acid base papers, pH
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readings only fluctuated 0.05 pH units.

These changes

all occurred in the first pass, first side printing.
The alkaline fountain solution had fluctuations in
the meter readings.

The pH changes took place for all

three base papers in each of the 2500 impression seg
ments.

The only exception was for the neutral base paper

during the back side-first pass printing and the acid
base paper on the back side-second printing.
The acid fountain solution showed pH changes on the
second side-first press and first side-second pass for
the acid and neutral base papers.

The alkaline base

paper showed pH changes on the first pass on both the
felt and wire sides. These changes were less than 1% and
are insignificant.
The acid with alcohol substitute fountain solution
showed pH changes in all printing segments on the acid
base paper.

The neutral base paper showed pH changes

during first pass printing for both the felt and wire
surfaces.

There was no pH change for the alkaline base

paper.
The acid with 20% alcohol fountain solution showed
no pH change for the alkaline base paper.

The acid base

paper caused a pH change only in the first pass-first
side printing.

However, the neutral base paper caused pH

changes in all four printing segments.
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If the graphs for pH and conductivity changes are
superimposed over each other, the only graphs that corre
lated are for the neutral fountain solution for all three
base papers.
Both pH and conductivity changes normally occurred
in the first pass-first side and are fairly stable in the
last pass-second side for all fountain solutions and
basestocks.

The alkaline base paper caused fewer and

smaller pH and conductivity changes.
Figures 3 through 12 show the pH and conductivity
changes, while Tables 3 and 4 indicate that the percent
change was relatively small.

The only data which are

significant is the 12% change in pH for the neutral
basepaper and the acid with 20 % alcohol fountain solu
tion.

Because there were not any printing problems on

the paper and fountain solution combination, these data
were not considered significant from a printing problem
standpoint.
Table 5 shows the contact angle of each fountain
solution before printing and after the 10,000 impressions
were printed.

The contact angles were run on glass.

As can be seen, the acid fountain solution showed
the least amount of change while the acid with 20 % iso
propyl alcohol fountain solution had the greatest change
from fresh to used fountain solution.

The alkaline foun-
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tain solution had an increase in contact angle when
looking at fresh versus used fountain solution.
Table 5
Contact Angles (o) on Glass
Fountain Solution
Acid &
Ale

Acid &
Ale Sub

60/64

83/69

84/79

89/88

60/62

83/62

84/76

89/88

60/72

83/64

84/74

Neut

Acid

Aik

Neutral (Before
Printing/After)

70/66

89/88

Acid (Before
Printing/After)

70/64

Alkaline (Before
Printing/After)

70/67

Paper

Of the three base papers, the neutral base paper
exhibited the least amount of contact angle change.
The equations presented in the Ink, Fountain Solu
tion, Basestock Interaction Theory Section of this paper
dealt with liquid penetration into a substrate. Because
there were step changes in pH and conductivity readings
in some of the basepapers at the 2500, 5000, and 7500
impression levels, there is a change in the contact angle
affecting the performance of the basepaper. However, not
enough of a change occurred to adversely affect the off
set printability of any of the basepapers. Therefore, the
changes in contact angle are considered insignificant for
the number of images printed.

However, on press runs
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over 10,000 impressions, the formulas may help to define
why printability problems occurred.
When the data for percent change in pH and conduc
tivity are reviewed (Tables 3 and 4), the only noticeable
change occurs in pH for the neutral paper printed with
the acid fountain solution with 20 % isopropyl alcohol.
Here the change is 12%.

Because pH changes are exponen

tial, the actual acid content is 50% more than when it
started.

However, the conductivity change was only 3%.

While the conductivity change did not parallel the
pH change, the movements do coincide.
Table 6 shows that the dot structure did not vary
significantly between the different base papers.
All papers printed a 90% shadow dot without diffi
culty.

None approached the 95% dot range.

This is

partially due to a 120 line screen printing on a vellum
printing surface and the size and type of offset printing
press.
Highlight dots were in the 2% to 5% range.

Within

each fountain solution grouping, the dot size change was
less than 3%.

The neutral fountain solution highlight

dot size varied from a 3% dot to 5% dot.

The acid with

20 % alcohol fountain solutions varied from a 2 % dot to a

4% dot.

The other fountain solution combinations did not

change.

(The difference between a 2% highlight dot to a
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5% highlight dot is not significant because of screen
size and roughness of the paper.)
Table 6
Printed Dot Sizes (%)
Fountain Solution
Paper

Acid &
Ale

Acid &
Ale Sub

90-3

90-3

90-2

90-3

90-3

90-2

90-2

90-3

90-3

90-4

90-2

Neut

Acid

Aik

Neutral (ShadowHigh light)

90-4

90-3

Acid (ShadowHigh light)

90-3

Alkaline (Shadow
Highlight)

90-5

The solid bottom bars show slight density variation
and some fiber/dirt pick outs.
come from the sheeting process.

These debris could have
The bar was designed to

help monitor ink flow and to monitor wet ink density.
While there appeared to be a visual variation in the dry
ink film density, the wet ink film was uniform, as
measured by the densitometer, the dry density variation
could be a function of streaky size press pick-up or
holdout (HST) variation across the web of the paper or
caused by the "gutters" of the printed image receiving
more ink than the printed form.
Slur targets and dot growth targets did not appear
to be affected by ink density variation.
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CONCLUSIONS
All combinations of fountain solutions and basepa
pers printed without any problem. The choice of base
paper or fountain solution had very little effect on the
size and sharpness of the printed halftone dots. Because
all basepapers were manufactured to the same roughness,
the dot structure was related more to surface roughness
and halftone screen ruling.
HST and size press pickup did not effect changes in
pH or conductivity of the fountain solution.

In fact,

the greatest number of step changes in pH took place when
the neutral sheet was printed.

This sheet had the high

est starch pick-up and HST values.

The changes in pH and

conductivity were almost identical for the alkaline and
acid base papers.
Dry trapping and wet trapping did not affect pH or
conductivity changes.

Changes were noticed under both

conditions.
While the contact angles, pH and conductivity of
each of the fountain solutions did change, these changes
did not cause an upset in the printing process.

The

offset printing press operator did not experience any
tinting, scumming, etc.

Therefore, the changes that

occurred in the fountain solution must have been built
37
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into the working parameters of each fountain solution by
their manufacturers.
Therefore,

it can be concluded from this study that

a change in pH of the basepaper will not influence the
offset printability of paper, if printed under conditions
similar to this study.
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RECOMMENDATIONS
This study allowed research to be done by altering
the pH of the base paper.

Additional studies could be

made in each base paper group by adding various amounts
and types of fillers and chemical additives.
Studies could be bracketed to see what fountain
solution changes occur with each filler at various load
ing levels under equal printing conditions. The use of
alcohol will be limited in the future because of VOC
regulations; therefore, a study of different types of
alcohol substitutes should also be made.
Printing press studies could be lengthened to see
what changes occur at 100,000 printing impressions,
200,000 printing impressions, etc. These studies should
incorporate the use of a web offset printing press as
well as a sheetfed offset printing press.

The types of

ink, the way the ink is dried, the thickness of the ink
film, and the dwell times between printing units are very
different in these offset printing processes.
Wet and dry trapping experiments on multiple offset
printing units of a printing press could be studied.
Also, various types of dampening systems could be inves
tigated to see if one system or size of offset press

39
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dampening system would cause different changes in pH and
conductivity.
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Appendix A
Offset Printing Press Operation
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Offset Printing Press Operation
Listed below are the operational steps necessary to
run the Multilith 1650 MC Offset Printing Press.
(a)

An offset printing plate was attached to the

plate cylinder by clamping devices.
(b)

An offset printing blanket was attached to the

blanket cylinder by clamping devices.
(c)

Ink was placed in the ink fountain via pumps or

manually.
(d)

Fountain solution was placed in the fountain

solution tray via a fountain solution bottle or tank.
(e)

The offset printing press was turned on and the

ink/fountain solution balance was adjusted by the offset
printing press operator.

This was done by adjusting the

ink fountain keys so that an even layer or amount of ink
is transferring from roller to roller according to the
instructions in the Operator's Manual. The ink feed rate
was adjusted to the No. 8 setting.
(f)

The fountain solution rollers were adjusted to

carry the fountain solution onto the ink form rollers.
Moisture feedrate was set at a reading of 5, this roll
setting was set by a service representative.
(g)

The ink form rollers, carrying the ink/water

emulsion, were moved into contact with the rotating
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offset printing plate. These rollers were set according
to the Operator's Manual to achieve an even 1/8" stripe
across a clean dry offset printing plate.
(h)

A lever was activated and the printed image,

along with any excess fountain solution, was transferred
to the offset printing blanket. The pressure between the
plate and blanket cylinders was set according to the
Operator's Manual. This setting achieved a uniform 3/16"
ink stripe across the offset printing blanket.
(i)

The basesheet was fed between the blanket

cylinder and the impression cylinder. Pressure between
these two cylinders is adjustable and was set according
to the Operator's Manual to achieve the proper amount of
cylinder bounce. This setting was then marked on the
adjusting lever for future use. At this point, excess ink
and fountain solution were transferred to the basesheet.
(j)

The printed basesheet was then ejected out the

delivery end of the offset printing press onto a delivery
tray.
(k)

After the printing process began, the printing

press operator measured printed ink film density at three
locations on a solid color bar printed on the bottom of
the paper.

Adjustments were made to the water fountain

and ink fountain to control the amount of ink printed on
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the test paper so that an even density of 1.0 +/-.1 was
obtained on the solid color bar.
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Modified Fountain Solution
Bottle

Fountain solution
level line

Divider to keep the
amount of fountain
solution to a minimum
(left side fountain
solution, right side
air space)
Hose to fountain
solution tray
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